This paper is concerned with fractional order thermoelastic response due to a heat source whose magnitude varies periodically with time within the context of generalized thermoelasticity with one relaxation time. Traction free boundary conditions are considered and the thick circular plate is subjected to a given axisymmetric temperature distribution. Integral transform technique is used to derive the solution in the transformed domain. Laplace transforms are inverted using a numerical scheme. Mathematical model is prepared for Copper material and results for temperature, displacement and stress distributions are computed and represented graphically.
Introduction
In 1967, Lord and Shulman [1] were the first to generalize Biot's theory of coupled thermoelasticity. This theory ensures finite speed of propagation for waves. Due to the experimental validation available in favor of the finite speed of propagation of heat waves, generalized thermoelasticity theory is receiving serious attention.
Mallik and Kanoria [2] studied the two dimensional problem in generalized thermoelasticity for a transversely isotropic thick plate having heat source. A two dimensional problem for a half space and thick circular plate with heat sources have been solved by El-Maghraby [3] . Tripathi et al. [4] discussed the temperature distribution and thermal stresses in a semi-infinite cylinder whose upper and lower surfaces are traction free and subjected to a given axisymmetric temperature distribution within the context of Lord-Shulman theory. Recently, Tripathi et al. [5, 6] studied problems for a thick circular plate and a half space within the context of generalized thermoelastic diffusion with one relaxation time.
During recent years, several interesting models have been developed by using fractional calculus to study the physical processes particularly in the area of heat conduction, diffusion, mechanics of solids, electricity, etc. Various types of definition and approaches of fractional order derivatives have become the main aim of many researchers. The reason behind introduction of the fractional theory is that it predicts retarded response to physical stimuli, as is found in nature, as opposed to instantaneous response predicted by the generalized theory of thermoelasticity. Povstenko [7-10] studied various applications of theory of the fractional order thermoelasticity. Youssef [11] established the fractional order generalized thermoelasticiy in the context of thermoelasticity with one relaxation time. Ezzat and Karamany [12, 13 ] established a new model of fractional heat conduction equation based on Taylor's series expansion of time fractional order. Sherief et al. [14] also established a new model by using the Lord-Shulman model of generalized thermoelasticity. Bachher [15] discussed the deformation due to periodically varying heat sources in a reference temperature dependent thermoelastic porous materials with a time fractional heat conduction law. Islam and Kanoria [16] dealt with the problem of magnetothermoelastic interaction in a perfectly conducting elastic medium where the boundary is stress free and subjected to a thermal loading in the context of fractional order two temperature generalized thermoelasticity. Raslan [17] studied the fractional order theory of thermoelasticity to the two dimensional problem of thick plate whose lower and upper surfaces are traction free and subjected to a given axisymmetric temperature distribution in the context of Lord-Shulman theory. Tripathi et al. [18] , dealt with a generalized thermoelasticproblem of mass diffusion in a thick circular plate under the effect of a heat source. Sarkar [19] , studied the wave propagation in an initially stressed elasticsolid half-space under time-fractional order twotemperature magneto-thermoelasticity. Tripathi et al. [20] discussed a dynamic problem of fractional order thermoelasticity for a thick circular plate with finite wave speeds. Warbhe et al. [21] , studied fractional order heat conduction and its associated thermal stresses in a thin circular plate with constant temperature distribution. Recently, Xiong, and Yanbo [22] established a fractionalorder generalized themoelastic diffusion theory for anisotropic and linearly thermoelastic diffusive media.
In this paper, we have modified the work of Tripathi et al. [4] and Raslan [17] and studied time fractional generalized thermoelastic problem in a thick circular plate under axisymmetric temperature distribution with periodically varying heat source in the context of LordShulman theory.
Mathematical model is prepared for Copper material and the numerical inversion of Laplace transform is performed using Gaver-Stehfast algorithm [18] [19] [20] . All the integrals involved in the problem are evaluated using Romberg integration technique [21] with variable step size. Numerical results are computed and represented graphically for temperature, displacement and stress distribution due to a periodically varying heat source using codes developed in Matlab programming environment.
Formulation of the Problem
We take the axis of symmetry as the z axis and the origin of the system of co-ordinates is at the middle plane between the upper and lower faces of the plate. The problem is studied using the cylindrical polar co-ordinates 
The generalized equation of heat conduction has the form [4, 11]   α1 2 00 α1
where is the absolute temperature and is the cubical dilatation given by the relation [4]  
The following constitutive relations supplement the above equations
We shall use the following non-dimensional variables
is the speed of propagation of isothermal elastic wave.
Using the above non-dimensional variables, the governing equations take the form (dropping the primes for convenience)
where
The constitutive relations (6)- (8) (11), we obtain upon using Eq. (4), 
We assume that the initial state is quiescent. The thermal and mechanical boundary conditions of the problem at zh  are taken as
where ( , ) f r t are known function of and t. Eqs. (1)-(19) constitute the generalized thermoelastic formulation of the problem on a thick circular plate of infinite extent and finite thickness.
Solution of the Problem
Applying the Laplace transform defined by the relation,
r z s L f r z t e f r z t dt
to all the non-dimensional Eqs. (9) 
Eliminating ̅ between the Eqs. (23) and (24), we get,
After factorization the above equation can be written as,
where 1 
Applying the Hankel transform to Eq. (34), we get, (49) and (54) into (26) and (27) 
Conclusion
In this problem, we have used the time fractional order theory of thermoelasticity to solve the problem for a thick circular plate with a periodically varying heat source. A direct approach is used to solve the problem without the use of customary potential functions which helps in eliminating the well-known problems associated with the solutions using potential functions. Due to the presence of one relaxation time in the field equations the heat wave assumes finite speed of propagation. It is concluded that for different values of the fractional order parameter  , the velocity of the wave changes. When 1   , the solutions behave like generalized thermoelasticity. The fractional order parameter seems to be directly proportional to the conductivity of the material. The system of equations in this paper may prove to be useful in studying the thermal characteristics of various bodies in real life engineering problems by considering the time fractional derivative in the field equations. 
